Structurally related mycotoxins ochratoxin A, ochratoxin B, and citrinin differ in their genotoxic activities and in their mode of action in human-derived liver (HepG2) cells: implications for risk assessment.
To elucidate the effects of three structurally related mycotoxins, namely, ochratoxin A (OTA), ochratoxin B (OTB), and citrinin (CIT), on human health, we investigated their acute toxic, mitogenic, and genotoxic effects in the human-derived liver cell line (HepG2). These compounds are found in moldy foods in endemic areas of nephropathy, which is associated with urinary tract cancers. In agreement with previous experiments, we found that OTA causes a dose-dependent induction of micronuclei (MN) and DNA migration in the single-cell gel electrophoresis (SCGE) assay, which was statistically significant at concentrations of > or =5 microg/ml. In contrast, OTB was devoid of genotoxic activity under identical conditions, but the compound caused pronounced inhibition of cell division even at doses lower than OTA (10 microg/ml). CIT caused an effect similar to that of OTA in MN assays (significant at dose levels of > or =2.5 microg/ml) but was negative in the SCGE test. All compounds failed to induce mutations in Salmonella/microsome assays in strains TA 98 and TA 100 after addition of HepG2-derived enzyme homogenate (S9-mix). By use of DNA-centromeric probes we found that induction of MN by OTA involves chromosome breaking effects (55-60% of the MN were centromere negative), whereas CIT-induced MN were predominantly centromere positive (78-82%). Our findings indicate that OTB is devoid of genotoxic activity in human-derived cells and therefore probably not a genotoxic carcinogen in humans. In contrast, CIT was an equally potent inducer of MN in HepG2 cells as OTA, but this effect is caused by a different mechanism, namely, aneuploidy. Furthermore, our data suggest that combined exposure to structurally related mycotoxins that cause DNA damage via completely different mechanisms may significantly increase the cancer risk of humans consuming moldy foods.